Introduction {#S1}
============

Impulsivity and UPPS-P {#S1a}
----------------------

Impulsivity is broadly defined as the tendency toward rapid, poorly considered, and disinhibited decisions and actions, despite negative consequences. Impulsivity is increasingly conceptualized as multidimensional ([@B27]; [@B76]), and the subcomponents are heterogeneous in nature and associated with discrete but overlapping neural substrates ([@B21]).

Impulsivity can be measured using self-report, such as the UPPS-P Impulsive Behavior Scale ([@B53]), or by computerized behavioral tasks measuring subcomponents, such as premature responding (4-Choice Serial Response Time Task; [@B88]) and response inhibition (e.g., Go/Nogo Task; [@B31]). Recent meta-analytic evidence suggests that self-report and behavioral measures of impulsivity share less than 5% variance ([@B17]) suggesting both make unique contributions. Self-report measures are useful for assessing an individual's general tendencies or traits and are superior in ecological validity, whereas behavioral tasks provide a "snapshot" of what the individual actually does, and may be less vulnerable to face-validity problems ([@B17]; [@B76]).

In this study, we focus on the UPPS-P model, which captures the multidimensional nature of impulsivity. The original UPPS model posits four separate, albeit related, impulsive personality traits ([@B92]): negative urgency, the tendency to act rashly in intense negative emotional states; (lack of) premeditation, the tendency to act without forethought and planning; (lack of) perseverance, the tendency not to finish tasks; and sensation seeking, the tendency to seek sensory pleasure and excitement. The model has shown good discriminant and convergent validity ([@B74]), and has proven useful in characterizing disorders involving impulsive behavior, such as substance use disorders (SUDs) ([@B84]; [@B93]). The new version, UPPS-P, includes positive urgency (the tendency to act rashly in intense positive emotional states) ([@B53]). The first validation studies indicated that the fifth trait can be measured in a content-valid, reliable way that is different to the other facets ([@B19]; [@B85]). However, the separability of the urgency scales has later been questioned ([@B7]).

Role of impulsivity in addictive behaviors {#S1b}
------------------------------------------

Impulsivity is commonly impaired dimensionally across SUD ([@B21]; [@B87]), and subcomponents have been shown to be a risk factor in the development of problematic substance use and SUD ([@B22]; [@B26]; [@B45]).

Studying these relationships during adolescence and young adulthood is of particular importance, because this is when substance use is usually initiated and impulsive behavior is elevated. According to meta-analyses of adolescents and young adults, positive urgency and negative urgency show the strongest association with problematic alcohol use ([@B15]; [@B78]). Another meta-analysis of adolescents found medium associations between negative cannabis consequences and sensation seeking, lack of premeditation, and positive urgency ([@B83]). Studies examining problematic use of illegal drugs, such as cocaine, also point to a role of urgency ([@B3]; [@B28]; [@B81]); however, so far, these relationships have only been tested in adult, clinical samples. Taken together, urgency has been most consistently associated with problematic substance use among youth. Theories on emotion regulation provide possible explanations for this link by suggesting that individuals who experience problems in regulating negative emotions may indulge immediate impulses in an attempt to downregulate intense negative emotions (despite long-term negative consequences), thereby creating a risk for addictive behaviors ([@B80]). According to the Acquired Preparedness Model ([@B73]), positive urgency predisposes individuals to acquire expectations that substances have positive effects, whereas negative urgency predisposes individuals to use substances to cope with negative emotions, both of which increase use.

In addition to SUD, impulsivity has been shown to play an important role in non-substance-related addictive disorders. The fifth edition of *Diagnostic and Statistical Manual of Mental Disorders* (DSM-5; [@B4]) marked an important change in the diagnosis of addictive behaviors by including non-substance-related addictive disorders, often labeled as behavioral addictions. Based on decades of work, gambling disorder was accepted as the first behavioral addiction, and there is an ongoing debate regarding potential classification of other behaviors in DSM-6 and the forthcoming ICD-11. Problematic use of Internet gaming, pornography, and binge eating are often conceptualized as behavioral addictions due to emerging evidence suggesting some overlap in underlying psychological and neurobiological mechanisms ([@B5]; [@B34]; [@B50]; [@B51]; [@B65]). However, more research is needed and critical concerns have been raised, for example, regarding potential over-pathologizing of elevated desires ([@B10]). Other critical concerns are the lack of consensus regarding definitions and diagnostic criteria, and the fact that the diagnostic criteria have been directly adapted from SUD ([@B10]; [@B46]).

Subcomponents of impulsivity have been shown to be involved in gambling disorder, including response inhibition ([@B69]) and trait impulsivity ([@B9]; [@B71]), but overall, we lack research on the role of trait impulsivity in other types of addiction-related behaviors. Studies of young and adult samples point to a role of negative urgency and positive urgency in gambling disorder ([@B9]; [@B12]; [@B30]; [@B36]; [@B55]; [@B71]). A number of studies indicate that urgency, particularly negative urgency, is implicated in binge eating in adult/young adult clinical and non-clinical samples ([@B13]; [@B47]; [@B57]; [@B58]; [@B82]), and some studies show associations with lack of perseverance ([@B13]; [@B58]; [@B82]). The literature on the UPPS-P model in compulsive use of Internet gaming and pornography is limited. Two studies of young adults failed to find consistent associations between the UPPS-P and signs of excessive online gaming ([@B44]; [@B59]). In a recent study of young adults, UPPS-P scores did not discriminate between healthy gamers and gamers endorsing DSM-5 Internet gaming disorder ([@B23]). A recent study of young adults/adults reported a positive association between negative urgency and addictive use of online sexual activities ([@B91]), and an imaging study found higher rates of impulsivity in young adults with compulsive sexual behavior compared with individuals without it ([@B89]), but did not report subscales.

In sum, while the model's role is well-characterized in adolescent samples with problematic alcohol and cannabis use, we have limited knowledge of its role in non-substance addiction-related behaviors among youth, particularly problematic Internet gaming and pornography use.

Here, we examined associations between impulsivity traits and indicators of substance (alcohol, cannabis, and other drugs) and non-substance (Internet gaming, pornography, and eating) addiction-related behaviors among youth with varying involvement in these behaviors. Based on empirical findings, and theories of emotion regulation, we hypothesized that negative urgency and positive urgency would be positively associated with problematic substance use. In line with the recent conceptualizations of problematic use of pornography and binge eating as behavioral addictions, and the limited literature available, we hypothesized that negative urgency and positive urgency would be positively associated with these behaviors. Due to recent null findings, we hypothesized that problematic use of Internet gaming would not be associated with UPPS-P model.

Methods {#S2}
=======

Participants and procedure {#S2a}
--------------------------

The data included in this study are part of a larger study examining risk factors for addictive behaviors. To obtain a sample with a broad distribution of addiction-related behaviors, youth with varying levels of externalizing behavior problems (problem behaviors directed outward toward others) and low levels of internalizing behavior problems (problem behaviors directed inward toward oneself) were included. Externalizing and internalizing problems were measured with YouthMap12, a 12-item questionnaire with six items identifying externalizing problems (EP6) and internalizing problems (IP6; [@B64]). Externalizing behavior problems have been consistently shown to increase risk of problematic substance use among both genders ([@B29]; [@B42]; [@B56]), and EP6 has been strongly associated with problematic substance use among youth across Nordic countries ([@B63]; [@B64]). In contrast, studies point to no associations with internalizing problems ([@B37]; [@B56]), which may act as protective factors ([@B14]; [@B25]).

Participants were recruited from a nationally representative survey with 3,064 randomly selected 15- to 25-year-old Danes \[response rate 63%; males 51.1%; student 79.1%; employed 15.7% (see [@B62])\] conducted in 2014 by Statistics Denmark. Out of the 205 who received a postal letter, 78 were included in the study. To increase sample size, additional participants were recruited through advertisements. In total, we included 109 (aged 16--26 years) with varying levels of EP6: no externalizing problems (*n* = 34), minimal externalizing problems (*n* = 19), moderate externalizing problems (*n* = 25), severe externalizing problems (*n* = 31), and minimal (0--2) internalizing problems in all groups (Figure [1](#fig1){ref-type="fig"}).

![Flowchart of the inclusion process. Participants were selected based on their level of self-reported externalizing behavior problems (EP6, ranging from 0 to 6) and internalizing behavior problems (IP6, ranging from 0 to 6), to obtain a sample with a broad involvement in addiction-related behaviors. Participants were recruited from a nationally representative survey (*N* = 3,064, aged 15--25 years) conducted in 2014 by Statistics Denmark. To increase sample size, a small group of participants were recruited through advertisements. In total, 109 adolescents and young adults with varying levels of externalizing problems and varying levels of use were included in the study](jba-07-02-22_f001){#fig1}

Participants were included if they had no current major psychiatric disorder assessed with the Mini International Neuropsychiatric Inventory ([@B52]) and did not receive medication affecting the brain. Participants were instructed to abstain from substances (other than tobacco) at least 24 hr prior to their participation.

The study was conducted at CFIN/MINDLab facilities at Aarhus University, Denmark. On the day of testing, participants completed standardized questionnaires on a computer (not counterbalanced, lasting about 30 min), and a research assistant was present to answer any arising questions.

Measures {#S2b}
--------

Impulsivity traits were measured using the UPPS-P Impulsive Behavior Scale ([@B19]; [@B53]), a 59-item questionnaire assessing impulsivity traits: negative urgency, (lack of) premeditation, (lack of) perseverance, sensation seeking, and positive urgency. Due to a high degree of association between the urgency scales (*r* = .71), we combined them in one urgency variable (i.e., the tendency to act rashly in reaction to intense emotions), which was used in all subsequent analyses. This is in line with recent studies (e.g., [@B82]) and findings from a meta-analysis of the model across psychopathologies, which found very similar correlational patterns with these subscales, thereby questioning their distinctiveness ([@B7]).

Problematic alcohol use was measured using the Alcohol Use Disorder Identification Test (AUDIT; [@B70]), a 10-item questionnaire developed as a screening instrument for hazardous and harmful alcohol consumption. The AUDIT is a valid measure of harmful use/abuse/dependence of alcohol and demonstrates good sensitivity and specificity ([@B54]).

Problematic cannabis use was measured using the Cannabis Use Disorder Identification Test -- Revised (CUDIT-R), a brief 8-item version of the CUDIT ([@B2]), which has equivalent or superior psychometric properties ([@B1]).

Problematic use of drugs (other than cannabis) was measured using the Drug Use Disorder Identification Test (DUDIT; [@B8]), a psychometrically sound ([@B8]; [@B43]; [@B86]) 11-item questionnaire assessing patterns of drug use and drug-related problems.

Problematic Internet gaming behavior was measured using the Internet Gaming Disorder Scale -- Short Format (IGDS9-SF; [@B66]), a recently developed 9-item questionnaire adapted from the nine criteria that define Internet gaming disorder according to DSM-5. The IGDS9-SF is considered a valid and reliable measure of Internet gaming disorder ([@B66]).

Problematic pornography use was measured using the Pornography Craving Questionnaire (PCQ; [@B49]), a recently developed 12-item questionnaire assessing aspects of current craving for pornography, including desire, intention, physiological arousal, and anticipated difficulty in restraining use, and with good internal consistency and reliability ([@B49]).

Problematic eating, or binge eating, was measured using the Binge Eating Scale (BES; [@B35]), a 16-item questionnaire assessing behavioral, emotional, and cognitive symptoms associated with binge eating, with high sensitivity and specificity for identifying individuals with binge eating behavior ([@B24]).

The AUDIT, CUDIT-R, and DUDIT were available in Danish, and remaining questionnaires were translated from English to Danish by two Danish researchers with proficient English language abilities.

We included the sociodemographic variables, gender, age, and completed years of formal education. Gender and age have been related to substance use and SUD, for example, with use increasing with age from early to late adolescence and with more use among males ([@B94]), and basic education has been shown to be an excellent proxy for socioeconomic risk for drug use disorders in Scandinavia ([@B32]).

Statistical analysis {#S2c}
--------------------

Regression analyses were performed to assess associations between impulsivity traits and addiction-related outcomes. Variance inflation factors (Table [1](#T1){ref-type="table"}) were far below 4.0 and none of the correlations were above 0.8 (Table [2](#T2){ref-type="table"}), indicating that multicollinearity was not a problem ([@B60]). Table [1](#T1){ref-type="table"} also shows values for internal consistency. When dependent variables were approximately normally distributed, ordinary least squares (OLS) regression was used. This was the case for the BES (skew = 0.76). For the AUDIT, the value was transformed so that the skew was zero using the lnskew0 command in Stata. The resulting variable had an approximately normal distribution (Shapiro--Wilk test, *z* = 0.08, *p* = .47), and OLS regression was used to assess associations between UPPS scales and the transformed AUDIT. Tobit regression models allow for the estimation of the relationship between one or more independent variables and the outcomes of interest when there is left censoring in the outcome variable. Tobit regression was used for the CUDIT, DUDIT, PCQ, and IGDS9-SF, because they had an excess of zeroes.

###### 

Sample characteristics

                                                              Mean (*SD*)     Min--max    Possible range  Cronbach's α   Variance inflation factor
  ----------------------------------------------------------- ------------- ------------ ---------------- -------------- ---------------------------
  *Demographic*                                                                                                          
  Gender (male)                                               68.8%                                                      1.19
  Age                                                         21.7 (2.7)     15.8--26.7                                  1.84
  Years of education                                          13.4 (1.9)       9--18                                     1.86
  *Impulsivity*                                                                                                          
  Urgency[a](#T1-fn1){ref-type="table-fn"}                    44.9 (11.7)      26--75        26--104      .92            1.46
  (Lack of) Premeditation                                     23.1 (6.1)       12--42         11--44      .86            1.61
  (Lack of) Perseverance                                      17.7 (4.5)       10--30         10--40      .80            1.45
  Sensation seeking                                           32.8 (6.4)       19--46         12--48      .82            1.40
  *Indicators of substance-related addictive behaviors*                                                                  
  AUDIT                                                       8.8 (5.9)        0--29          0--40       .78            
  CUDIT-R                                                     3.1 (5.5)        0--25          0--32       .86            
  DUDIT                                                       1.9 (4.7)        0--23          0--44       .86            
  *Indicators of non-substance addiction-related behaviors*                                                              
  BES                                                         7.3 (4.9)        0--21          0--46       .78            
  PCQ                                                         17.2 (14.5)      0--53          12--84      .83            
  IGDS9-SF                                                    9.7 (9.2)        0--45          9--45       .91            

*Note.* AUDIT: Alcohol Use Disorder Identification Test; CUDIT-R: Cannabis Use disorders Identification Test -- Revised; DUDIT: Drug Use Disorder Identification Test; BES: Binge Eating Scale; PCQ: Pornography Craving Questionnaire; IGDS9-SF: Internet Gaming Disorder -- Short Format; *SD*: standard deviation.

Due to a high degree of association between the positive and negative urgency scales, these scales were combined into one urgency variable.

###### 

Intercorrelations of all variables

                                1                 2                3             4                5                6              7                8                9                10      11               12
  ----------------------------- ----------------- ---------------- ------------- ---------------- ---------------- -------------- ---------------- ---------------- ---------------- ------- ---------------- -------
  1\. Gender^a^                                                                                                                                                                                               
  2\. Age                       −0.11                                                                                                                                                                         
  3\. Years of education        0.06              **0.65\*\*\***                                                                                                                                              
  4\. Urgency^b^                0.07              0.03             −0.07                                                                                                                                      
  5\. (Lack of) Premeditation   −0.03             0.06             −0.07         **0.45\*\*\***                                                                                                               
  6\. (Lack of) Perseverance    −0.03             0.08             −0.06         **0.43\*\*\***   **0.47\*\*\***                                                                                              
  7\. Sensation seeking         **−0.29\*\***     0.09             0.07          **0.30\*\***     **0.37\*\*\***   0.09                                                                                       
  8\. AUDIT                     −0.10             0.09             0.05          **0.33\*\*\***   **0.27\*\***     **0.29\*\***   **0.39\*\*\***                                                              
  9\. DUDIT                     −0.05             −0.10            **−0.21\***   **0.30\*\***     0.15             **0.27\*\***   **0.19\***       **0.41\*\*\***                                             
  10\. CUDIT                    **−0.25\*\***     −0.13            **−0.23\***   **0.29\*\***     0.13             0.14           0.16             0.15             **0.60\*\*\***                            
  11\. IGDS9-SF                 **−0.44\*\*\***   0.04             0.01          0.08             0.05             0.18           0.14             0.11             0.01             0.14                     
  12\. BES                      **0.48\*\*\***    0.02             0.04          **0.34\*\*\***   0.08             **0.25\*\***   0.00             0.11             0.07             −0.05   −0.14            
  13\. PCQ                      **−0.51\*\*\***   **0.22\***       0.07          **0.20\***       0.15             **0.24\***     **0.28\*\***     **0.22\***       −0.03            0.17    **0.32\*\*\***   −0.17

*Note*. Significant coefficients are in boldface. Abbreviations as in Table [1](#T1){ref-type="table"}.

^a^Gender was coded as male = 0, female = 1. ^b^Due to a high degree of association between the positive and negative urgency scales, these scales were combined into one urgency variable.

\**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

For each outcome we computed two models. In Model 1, we entered gender, age, and years of education in the first step and the UPPS-P scale of interest in the second step. In Model 2, we entered gender, age, and years of education in the first step and all of the UPPS-P scales in the second step. Impulsivity was considered to be significant, if the F-statistic for the second step was significant. We examined males and females together, as the relationship between UPPS-P facets and risk behaviors has been shown to be invariant across gender ([@B16]; [@B83]). All coefficients were derived from X-standardized variables, so that the coefficients indicate the mean increase of the dependent variable, given an increase in the UPPS-P variables of one standard deviation. We provide circular correlation graphs to illustrate the magnitude of significant coefficients in Models 1 and 2. Line width indicates the coefficients from different regression models of addiction-related dependent variables regressed upon UPPS-P traits. Circular graphs were created in R version 3.4.0 ([@B67]) using the circlize package ([@B38]). Statistical analyses were performed using Stata 14 ([@B77]).

Ethics {#S2d}
------

The study procedures were carried out in accordance with the Declaration of Helsinki, as revised in 2008. The study was approved by the regional ethics committee (*De Videnskabsetiske Komitéer for Region Midtjylland*) and participants received oral and written information about the study and gave a written consent before participating. If participants were under the age of 18, parents also received information about the study to ensure the adolescent's consent was given under parental supervision. The questionnaires were part of a larger study including imaging and participants received DKK 1000 for their participation.

Results {#S3}
=======

Participant characteristics are summarized in Table [1](#T1){ref-type="table"}. The sample was predominately male, and mean age was 21.7 years. Mean scores on measures of addiction-related behaviors indicate subclinical levels: AUDIT 8.8 (SD 5.9), CUDIT-R 3.1 (SD 5.5), DUDIT 1.9 (SD 4.7), BES 7.3 (SD 4.9), PCQ 17.2 (SD 14.5), and IGDS9-SF 9.7 (SD 9.2).

Pearson's correlations between all variables are shown in Table [2](#T2){ref-type="table"}. DUDIT was positively correlated with AUDIT (0.41, *p* \< .01) and CUDIT (0.60, *p* \< .01). IGDS9-SF was positively correlated with PCQ (0.32, *p* \< .01) and AUDIT was positively correlated with PCQ (0.22, *p* \< .05).

Impulsivity and indicators of substance-related addictive behaviors {#S3a}
-------------------------------------------------------------------

The regression models are summarized in Table [3](#T3){ref-type="table"}. Urgency (*p* \< .001), lack of premeditation (*p* \< .01), lack of perseverance (*p* \< .01), and sensation seeking (*p* \< .001) were positively associated with AUDIT scores after adjusting for gender, age, and education (Model 1). After adjusting for all variables (Model 2), sensation seeking (*p* \< .001) and lack of perseverance (*p* \< .05) were associated with higher AUDIT-scores.

###### 

Multivariate associations between impulsivity traits and indicators of substance-related addictive behaviors

                            AUDIT^a^                      CUDIT^b^                      DUDIT^b^                                                                            
  ------------------------- ----------------------------- ----------------------------- --------------------------- --------------------------- --------------------------- -------------------------
  Urgency^c^                **0.12 (0.06--0.19)\*\*\***   0.05 (−0.02--0.13)            **3.25 (1.27--5.22)\*\***   **3.16 (0.81--5.52)\*\***   **4.37 (1.24--7.50)\*\***   2.61 (−0.98--6.20)
  (Lack of) Premeditation   **0.10 (0.03--0.16)\*\***     −0.01 (−0.09--0.06)           1.89 (−0.28--4.06)          0.18 (−2.42--2.77)          3.06 (−0.34--6.46)          −1.28 (−5.20--2.64)
  (Lack of) Perseverance    **0.10 (0.04--0.17)\*\***     **0.07 (0.00--0.15)\***       1.16 (−1.01--3.34)          −0.36 (−2.76--2.05)         **4.90 (1.46--8.34)\*\***   **3.89 (0.24--7.55)\***
  Sensation seeking         **0.15 (0.09--0.22)\*\*\***   **0.13 (0.06--0.21)\*\*\***   1.67 (−0.57--3.92)          0.49 (−1.87--2.86)          3.28 (−0.21--6.78)          2.20 (−1.53--5.93)

*Note.* Values are coefficients from regression (95% confidence intervals), which have been X-standardized, that is, the coefficients, indicate the increase of the dependent variable given an increase in the UPPS variables of one standard deviation. Significant coefficients are in boldface. Abbreviations as in Table [1](#T1){ref-type="table"}. Model 1: Regression adjusted for age, gender, and years of education. Model 2: Regression adjusted for age, gender, years of education, and other impulsivity variables.

^a^Values transformed to zero skew and OLS regression used. ^b^Tobit regression used due to a number of respondents scoring zero. ^c^Due to a high degree of association between the positive and negative urgency scales, these scales were combined into one urgency variable.

\**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

Urgency was positively associated with CUDIT scores after adjusting for gender, age, and education (Model 1, *p* \< .01). The association remained significant (*p* \< .01) after adjusting for all variables (Model 2). After entering UPPS scales (Model 2), female gender remained associated with lower scores on the CUDIT (*p* \< .01).

Urgency (*p* \< .01) and lack of perseverance (*p* \< .01) were positively associated with DUDIT scores after adjusting for gender, age, and education (Model 1). After adjusting for all variables (Model 2), lack of perseverance (*p* \< .05) remained significantly associated.

The significant coefficients from Models 1 and 2 are visualized in circular graphs in Figure [2](#fig2){ref-type="fig"}.

![Circular graphs of significant associations between impulsivity traits and addiction-related behaviors. Circular graphs of the UPPS-P scales (top half) that are associated with substance and non-substance addiction-related behaviors (bottom half). Only significant estimates are shown. Line width indicates the magnitude of the individual coefficients and can be interpreted as the mean increase in an addiction-related variable with respect to an increase in the UPPS-P scale in question of one standard deviation, when age, gender, and years of education are adjusted for (Model 1) and when age, gender, years of education, and other UPPS-P scales are adjusted for (Model 2). Due to a high degree of association between the positive and negative urgency scales, these scales were combined into one urgency variable. AUDIT: Alcohol Use Disorder Identification Test; CUDIT-R: Cannabis Use Disorders Identification Test - Revised; DUDIT: Drug Use Disorder Identification Test; BES: Binge Eating Scale; PCQ: Pornography Craving Questionnaire](jba-07-02-22_f002){#fig2}

Impulsivity and indicators of non-substance addiction-related behaviors {#S3b}
-----------------------------------------------------------------------

The regression models are summarized in Table [4](#T4){ref-type="table"}. Urgency (*p* \< .001) and lack of perseverance (*p* \< .01) were positively associated with BES scores after adjusting for gender, age, and education (Model 1). After adjusting for all variables (Model 2), urgency (*p* \< .01) and lack of perseverance (*p* \< .05) remained significantly associated. Finally, female gender remained associated with higher scores on the BES in Model 2 (*p* \< .01).

###### 

Multivariate associations between impulsivity traits and indicators of non-substance addiction-related behaviors

                            BES^a^                        PCQ^b^                      IGDS9-SF^b^                                                                
  ------------------------- ----------------------------- --------------------------- --------------------------- ------------------------- -------------------- ---------------------
  Urgency^c^                **1.51 (0.72--2.29)\*\*\***   **1.24 (0.31--2.17)\*\***   **4.30 (1.13--7.46)\*\***   2.74 (−0.92--6.39)        0.96 (−1.35--3.27)   0.41 (−2.27--3.09)
  (Lack of) Premeditation   0.43 (−0.41--1.26)            −0.84 (−1.82--0.13)         2.34 (−0.93--5.60)          −1.34 (−5.22--2.55)       0.44 (−1.93--2.80)   −0.79 (−3.67--2.10)
  (Lack of) Perseverance    **1.29 (0.49--2.10)\*\***     **1.12 (0.19--2.04)\***     **4.48 (1.26--7.69)\*\***   **3.89 (0.16--7.62)\***   1.95 (−0.36--4.25)   2.11 (−0.56--4.78)
  Sensation seeking         0.73 (−0.13--1.59)            0.53 (−0.38--1.43)          2.59 (−0.88--6.05)          2.00 (−1.70--5.71)        0.30 (−2.12--2.72)   0.37 (−2.30--3.03)

*Note.* Values are coefficients from regression (95% confidence intervals), which have been X-standardized, that is, the coefficients, indicate the increase of the dependent variable given an increase in the UPPS variables of one standard deviation. Significant coefficients are in boldface. Abbreviations as in Table [1](#T1){ref-type="table"}. Model 1: regression adjusted for age, gender, and years of education. Model 2: Regression adjusted for age, gender, years of education, and other impulsivity variables.

^a^OLS regression used. ^b^Tobit regression used due to a number of respondents scoring zero. ^c^Due to a high degree of association between the positive and negative urgency scales, these scales were combined into one urgency variable.

\**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

Urgency (*p* \< .01) and lack of perseverance (*p* \< .01) were positively associated with PCQ scores after adjusting for gender, age and education (Model 1). After adjusting for all variables (Model 2), lack of perseverance (*p* \< .05) remained significantly associated. Furthermore, female gender remained associated with lower scores on the PCQ in Model 2 (*p* \< .001).

We found no significant associations between UPPS-P and problematic Internet gaming, but female gender remained associated with lower scores on IGDS9-SF in Model 2.

Comparing models with versus without impulsivity traits {#S3c}
-------------------------------------------------------

We compared a baseline model consisting of age, gender, and education with a model that included these variables plus the UPPS-P variables for each of our dependent variables. Results are summarized in Table [5](#T5){ref-type="table"}. For AUDIT and BES, the addition of UPPS-P variables was significantly better than the baseline model at *p* \< .001. The associated R-square change was 25% for AUDIT and 15% for BES. For the CUDIT, DUDIT, and PCQ, the model was significantly better at *p* \< .05. For the IGDS9-SF, the model was non-significant.

###### 

Results of entering the UPPS model after age, gender, and years of education

                Step statistic      *p* value
  ------------- ------------------- -----------
  AUDIT^a^      *F*(4,102) = 8.01   .000
  CUDIT^b^      *F*(4,102) = 2.71   .034
  DUDIT^b^      *F*(4,102) = 2.97   .023
  BES^c^        *F*(4,101) = 6.09   .000
  PCQ^b^        *F*(4,102) = 3.05   .020
  IGDS9-SF^b^   *F*(4,102) = 0.79   .533

*Note.* Values are *F*-tests comparing a model with gender, age, and years of education with a model that includes all UPPS scales. Abbreviations as in Table [1](#T1){ref-type="table"}.

^a^Values transformed to zero skew and OLS regression used. ^b^Tobit regression used due to a number of respondents scoring zero. ^c^OLS regression used.

Discussion {#S4}
==========

To our knowledge, this is the first study to present data on a wide range of substance and non-substance addiction-related behaviors in relation to the UPPS-P model in the same sample, allowing for a more direct comparison of the relative contribution of UPPS-P facets to various types of addiction-related behaviors. This was possible because participants were sampled from a larger Danish cohort and stratified by externalizing problems, resulting in a broad distribution of involvement in addiction-related behaviors. Furthermore, this is the first study to examine the model in relation to problematic Internet gaming and pornography using the recently developed IGDS9-SF and PCQ. The UPPS-P model was positively associated with indicators of all addiction-related behaviors except problematic use of Internet gaming. The most important traits within the model were urgency and lack of perseverance, as one or both of these traits were associated with all the addiction-related behaviors (except Internet gaming) in the fully adjusted models.

In terms of effect sizes, the mean correlation between a UPPS-P trait and an addiction-related behavior was a modest 0.21. For alcohol and binge eating, the models significantly improved when the UPPS-P was added with a large change in R-squared for AUDIT and a more modest, but still considerable change in R-squared for the BES, and for the two drug use disorder scales and the pornography scale, the improvement in model fit was significant at *p* \< .05. Modest associations are to be expected, since impulsivity and addictive behaviors are related, but distinct constructs.

Danish youths have high consumption rates. In a recent ESPAD survey (aged 15--16 years) ([@B48]), Denmark had the highest past month prevalence of intoxication (32%) and binge drinking (56%), whereas rates of past month cannabis use (5%) were lower than most European countries. In a representative study of 15- to 25-year-old Danes, 10% had used cannabis the past month and 2.1% had daily use ([@B62]). In the ESPAD survey, Denmark had the highest prevalence rates of past month regular Internet gaming among boys (64%) and girls (28%) ([@B48]). Denmark is known for its liberal and relaxed attitude toward pornography and sex, which is likely to increase consumption ([@B40]). A representative study of young adults found high prevalence rates of pornography consumption, for example, past month consumption (males 82.5% and females 33.6%) ([@B40]). A recent review found lower rates of binge eating disorder in Nordic countries compared with other European countries, but failed to identify Danish studies ([@B20]).

Impulsivity traits and addiction-related behaviors {#S4a}
--------------------------------------------------

In line with our hypotheses, urgency was positively associated with problematic use of alcohol (Model 1), cannabis (both models), and other drugs (Model 1). Previous studies point to an important role of urgency in problematic alcohol and cannabis use among youth ([@B15]; [@B78]; [@B83]) and cocaine dependence ([@B3]; [@B28]; [@B81]). In line with our hypotheses, urgency was also positively associated with binge eating (both models) and problematic pornography use (Model 1). This resembles previous studies of binge eating in adults/young adults ([@B13]; [@B47]; [@B57]; [@B58]; [@B82]) and a recent study linking negative urgency with addictive use of online sexual activities in males ([@B91]). The tendency to act rashly in intense positive and negative emotional states may be linked to substance and non-substance addiction-related behaviors through immediate positive and negative reinforcement, for example, through increased expectations of immediate pleasure or as a mechanism to temporarily downregulate negative emotions, despite long-term negative consequences ([@B18]; [@B41]; [@B73]; [@B80]). Longitudinal studies provide some support for this idea ([@B6]; [@B61]; [@B72]; [@B73]), for example, showing that negative urgency predicts increases in the expectancy that eating alleviates negative affect, which predicts increases in binge eating ([@B61]).

Lack of perseverance also emerged as an important trait, which was positively associated with problematic use of alcohol (Model 1), other drugs (both models), binge eating (both models), and pornography (both models). Previous studies have linked lack of perseverance with problematic alcohol use ([@B15]; [@B78]), cocaine dependence (e.g., [@B84]), and binge eating ([@B13]; [@B58]; [@B82]), but the association is generally not as strong as with urgency. To our knowledge, this is the first study to link lack of perseverance with problematic use of pornography. Lack of perseverance has been related to impairment in resistance to proactive interference (i.e., impairments in the ability to inhibit previous information that is no longer relevant) and reduced conscientiousness of ongoing tasks ([@B33]; [@B68]), and may also interact with stress. A recent study showed that individuals with low levels of perseverance gambled more after experiencing a loss in a stressful situation ([@B11]). These underlying cognitive processes may help explain the reported associations between lack of perseverance and substance and non-substance addiction-related behaviors.

We found no associations between UPPS-P subscales and problematic Internet gaming, in line with our hypothesis and recent null findings ([@B23]; [@B44]; [@B59]). This may suggest that factors other than trait impulsivity are linked to problematic Internet gaming behavior. Importantly, a recent study ([@B23]) showed that well-established risk factors for SUD and gambling disorder, including UPPS-P and other measures related to self-control, failed to discriminate between healthy gamers and gamers endorsing DSM-5 Internet gaming disorder.

A number of gender differences warrant attention. Female gender was associated with lower scores on the CUDIT, PCQ, and IGD9-SF and higher scores on the BES, resembling previous studies of young people showing lower rates of females seeking treatment for cannabis use disorders ([@B75]), lower rates of pornography consumption ([@B40]) and Internet addiction ([@B39]) among females, and higher rates of binge eating disorders ([@B20]). Further research with larger sample is needed to test if the same impulsive traits are expressed in different behaviors in the two genders.

Altogether, our findings stress the role of urgency and lack of perseverance in the development of substance and non-substance addiction-related behaviors (except Internet gaming). Moreover, the established associations across substance and non-substance addiction-related behaviors suggest that the increased levels of impulsivity are unlikely to result from toxic effects of substances alone.

Our findings have clinical implications by stressing the potential role of urgency and lack of perseverance in the development of substance and behavioral addictions, and hence as potential preventative therapeutic targets. Furthermore, findings point to the importance of therapeutic interventions targeting emotional regulation across these disorders, for example, interventions aimed at learning healthier strategies for coping with distress. Programs may benefit from adopting materials from psychoeducational interventions for other impulse-related disorders, such as borderline personality disorder ([@B95]) or antisocial personality disorder ([@B79]).

Future studies are needed to replicate the non-substance-related findings, also in clinical populations, and should include measures of emotion regulation and expectancies. Longitudinal studies with several follow-up time points are needed to tease out the direction of causality.

Limitations {#S4b}
-----------

The sample size was adequate to test modest (*r* = .35), but not weaker correlations. This limitation was partially remediated by having deliberately sampled high-risk and low-risk respondents to ensure adequate variations in terms of impulsivity. However, future studies with more power could be used to confirm and expand present findings and look into specific subgroups (e.g., gender).

Due to the cross-sectional nature of the data, we cannot make causal inferences, that is, whether higher levels of UPPS-P traits predated higher levels of addiction-related behaviors, or the other way around. Prospective examinations are required to untangle the direction of causality.

The PCQ provides a multidimensional measure of craving, a core symptom of addictive behaviors, and hence indexes a degree of severity and problematic use. Another recent questionnaire, The short Internet Addiction Test adapted for online sexual activities ([@B90]) may provide a broader measure of problematic use, but is restricted to online material.

The selection of youth with varying levels of EP6 was based on a representative survey of randomly selected Danish youth and hence our findings should generalize to the general population of Danish youth and to youth in countries similar to Denmark.

Conclusions {#S5}
===========

The study uniquely examined associations between the UPPS-P model and multiple addiction-related behaviors in youth with varying involvement in these behaviors. The UPPS-P model was positively associated with indicators of all addictive behaviors except problematic Internet gaming. The most important traits were urgency and lack of perseverance, as one or both of these traits were associated with all the addiction-related behaviors (except Internet gaming). Our findings highlight the potential role of urgency and lack of perseverance as predictors for the development of addictive disorders and as potential preventative therapeutic targets.
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